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Previous hedonic pricing models have studied in depth the aesthetic value of views, as well as 
the recreational value of proximity to waterfronts. This study examines the same proximity and 
aesthetic effects in Milwaukee, Wisconsin, and builds in the effect of changing water levels and 
beach availability on those implicit values. Results indicate that aesthetic effects of living 
adjacent to the waterfront, as well as proximity, are insignificant. Water levels are negatively 
correlated with home prices, but this effect is not magnified or dimmed for waterfront homes. 
Beach availability has an ambiguous effect on home prices; statistical significance was found to 
be positive and negative depending on the specification.  
______________________________________________________________________________ 
I.  Introduction  
 One of the most studied topics in the field of economics is the sale of homes in open 
markets. To understand why, imagine an open house in the city of Milwaukee, Wisconsin. There 
are many buyers and only one seller of this particular house, but down the street, there are 
several more homes for sale, each with different attributes and probably unique sellers. The 
mission of a properly trained economist is to model this market. If the items for sale were, say, 
bales of hay, a common supply and demand curve would be the most vivid and useful tool to 
describe how buyers and sellers interact to meet at a common sale price. But homes are much 
more complicated than bales of hay. Each one has a unique combination of bedrooms, 
bathrooms, lot size, living space, stories, etc. that make it unique. On top of that, homes are 
located in distinct neighborhoods, near particular schools, and have specialized views if they are 
adjacent to an ocean, lake, or mountain range. Each of these characteristics contributes to the 
value of the home in some way, but different buyers and sellers may value them differently.  
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 This is where hedonic pricing models come into the picture.  Hedonic models measure 
the implicit value of characteristics of goods in differentiated markets, most commonly the 
market for homes. Using databases of home sales which include home characteristics such as lot 
size, living space, and number of beds and baths; neighborhood characteristics such as school 
district and proximity to fire and police stations; and population density, the value of each 
individual characteristic is measured using a regression. The purpose of this study is to answer 
the following: 
How does the presence of the Great Lakes benefit homeowners in adjacent cities? 
 This study uses home sale data from Milwaukee, located in eastern Wisconsin on the 
western shore of Lake Michigan, to answer this question. In the next section, previous hedonic 
studies on similar topics are reviewed and discussed. Then, in the third section, the dataset used 
in this study is introduced. In the fourth section, the econometric design is presented. Results of 
estimation are discussed in the fifth section, and the final section is a conclusion.  
II.  Literature Review 
Hedonic models were first introduced early in the 20th century. There is some debate over 
who first introduced the theory behind hedonic pricing. Some identify A.T. Court, who studied 
the value of attributes of automobiles in 1939; others suggest Court was influenced by a 
monograph published by G.C. Haas on the value of attributes of farmland.1  
After Haas and Court’s early works, the next seminal publications regarding hedonic pricing 
models are by Lancaster (1966) and Rosen (1974).2 Lancaster developed a formal model that 
described the relationships studied by Haas and Court. As Lancaster said of his idea, “the chief 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Colwell & Dillmore, page 620. 
2 Sirmans, Macpherson and Zietz, page 6.	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technical novelty lies in breaking away from the traditional approach that goods are the direct 
objects of utility and, instead, supposing that it is the properties or characteristics of the goods 
from which utility is derived.” In his model, consumption is no longer viewed as an activity 
where a good is a singular input and utility is an output; rather, a good (or bundle of goods) is an 
input, and the characteristics of those goods (with associated utility) are the outputs. This break 
from conventional theory allows for a much richer examination of markets with high rates of 
differentiation, especially housing markets.  
Rosen (1974) further developed Lancaster’s theoretical framework to analyze equilibrium in 
a goods market. He notes that econometric estimation of the hedonic prices in goods does not 
identify a supply or demand equation; it only describes the equilibrium state. This result is 
extremely important in interpreting hedonic estimations. In order to conclude that reported 
coefficients are characteristics of demand and not supply, the assumption that supply is fixed 
must be added in.  
Lancaster and Rosen laid the groundwork for hundreds, if not thousands of hedonic 
estimations. Early models aimed to analyze the relationship between typical home and 
neighborhood characteristics and market prices. More recent models aim to analyze particular 
aspects of homes, often in unique markets. A common question is the nature of the relationship 
between time-on-the-market and selling price,3 an analysis complicated by feedback between the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 See Ferreira, E. J. and G. S. Sirmans, Selling Price, Financing Premiums, and Days on the Market, Journal of Real 
Estate Finance and Economics, 1989, 2:3, 209-222.  
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two variables. Other common questions are the golf course effect,4 the effect of particular school 
districts,5 and the value of aesthetic views.  
Many studies have set out to measure the value added to homes derived from adjacent bodies 
of water. To name a few, Shlozberg, Dorling and Spiro (2014); Benson, Hanson, Schwartz and 
Smersh (1998); Greenley, Walsh and Young (1981); Lansford and Jones (1995); Bond, Seiler 
and Seiler (2001 and 2002); Samarshinghe and Sharpe (2008); Rush and Bruggink (2000) and 
Walsh, Milon and Scrogin (2011) have estimated hedonic models in order to quantify the benefit 
of proximity to bodies of water. There are many ways to measure this benefit, and these authors 
have explored different ways of doing so.  
In “Low Water Blues” (2014), Shlozberg, Dorling and Spiro identify reasons that changing 
water levels may have an impact on home prices in markets adjacent to bodies of water. The 
most prominent reasons are 1) the fluctuation of flood risk, 2) changing access to permanent 
docks and piers,6 3) the changing aesthetic appeal of the waterfront due to erosion and exposure 
of underwater vegetation and mud, 4) changing areas of public beaches, and 5) changing 
property tax burdens, as assessment values change to incorporate the above changes.7 The study 
examined the market for homes in waterfront neighborhoods in Ontario, Canada; Ontario borders 
each of the five Great Lakes except for Lake Michigan. Econometric estimation found that sale 
prices of waterfront homes fell by 14% for every foot of decline in water level, i.e. a positive 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 See Grundnitski, G., Golf Course Communities: The Effect of Course Type on Housing Prices, The Appraisal 
Journal, 2003, 71:2, 145-149.  
5 See Brasington, D.M., Which Measures of School Quality does the Housing Market Value?,  Journal of Real 
Estate Research, 1999, 18:3, 395-414.  
6 In Milwaukee, firms or the government control almost all access to the water. Changing access to docks and piers 
therefore would not affect homeowners directly. 	  
7 Shlozberg, Dorling and Spiro, page 44. 	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correlation between water level and home prices. Non-waterfront homes were subject to the 
same trend, but only fell in price by about 10% for a one-foot decline in water level.  
Almost all hedonic studies acknowledge that one benefit of living near a body of water is the 
aesthetic value, or the view. Usually, view value is quantified using one or multiple dummy 
variables. Benson, Hanson, Schwartz and Smersh (1998) used several dummy variables to 
describe ocean views in northwest Washington State. Their estimations indicated that a full 
ocean view is correlated with a 41-49% improvement in sale price, while a partial ocean view 
improved sale price by 15-29% and a poor ocean view improved sale price by 5-16%. More 
notably, lakefront properties on average sold for 59-86% more than non-lakefront properties.8  
Bond, Seiler and Seiler (2001) used a single dummy variable for lake view when examining 
Cuyahoga County, Ohio, on the shores of Lake Erie. They estimated that homes with a lake view 
sold for $115,000 more than non-lake view homes, ceteris paribus. The average sale price in the 
dataset was $395,000 for lake view homes and $204,000 for non-lake view homes. Thus, about 
half of the difference in price between the two types of home was due to the view; the other half 
was presumably due to the higher quality of waterfront homes.  
Some authors recognized that the value of a body of water should fall with increasing 
distance from the home to the waterfront. Samarshinghe and Sharp (2008) claimed that this 
relationship was an aesthetic factor; they interacted distance to waterfront with dummy variables 
for type of water view, and concluded that home prices and distance to waterfront are more 
closely related for homes with wide ocean views. In their study of Auckland, New Zealand, at 
the coastline, a wide water view was correlated with an increase in sale price by 42%.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 Note that “lakefront” refers to homes on the shores of inland lakes, not the shore of the Pacific Ocean. All of these 
coefficients were found significant at the 5% level.  
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Walsh, Milon and Scrogin (2011) did not make the distinction between aesthetic and 
recreational value in their study of Orange County, Florida, but still used distance to water as a 
predictor of home prices.9 Their model used the natural log of distance, which allowed for a non-
linear trend. All else equal, they found that homes 100 meters from the nearest lake were worth 
about $1,000 more than homes 1 kilometer from the nearest lake. They also tested the effect of 
water quality on home prices using the Secchi Disk test. The Secchi Disk measures the degree of 
penetration of light into a body of water; a one-unit increase in the test result means people are 
able to see one foot deeper into the lake. Walsh, Milon and Scrogin found that a one-foot 
increase in clarity increased the value of lakefront homes by about $6,000, and non-lakefront 
homes by $700.  
Lansford and Jones (1995) measured the relationship between home prices and water levels 
in the market surrounding Lake Travis in central Texas. Lake Travis is a flood-control lake, so it 
has a high level of variability in its water level, much higher than that of Lake Michigan. The 
form of the lake level variable was: 
𝐿𝐿𝐷𝐸𝑉 = 3  𝑚𝑜𝑛𝑡ℎ  𝐴𝑉𝐺 − 𝐿𝑜𝑛𝑔  𝑟𝑢𝑛  𝐴𝑉𝐺                                                                             (1) 
This variable was meant to measure the deviation of the level of the lake over the 3 months prior 
to sale from the long-term mean.10 Three months was chosen because it is representative of the 
time it takes for homebuyers to make their decision. One problem with this specification is that it 
ignores seasonality in the lake level brought on by the rainy season. The authors found that lake 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 Note that Orange County, FL is inland; distance to water in this case is the distance to the nearest of over 100 
lakes, rather than distance to one common lake or the ocean.  
10 Note that from an econometric standpoint, subtracting the three-month average lake level from the long-term 
mean is a linear treatment. The reported coefficient on this variable will be the same as if the authors simply used 
the three-month average. The only difference will be a change in the constant term.  
Whitener 6
level was positively correlated with home prices, with a magnitude of $650 per foot increase in 
lake level. The average sale price in the dataset was $125,000.  
These previous studies demonstrate nearly all of the techniques applied in this study. This 
study aims to make a three-fold contribution to the field. First, by borrowing techniques from 
previous works, this model will extend well-known techniques for measuring the value of home 
characteristics to Milwaukee, Wisconsin, a previously unstudied large metropolitan area adjacent 
to Lake Michigan. Second, this study tests for correlation between home prices in a major city 
and the water level of an adjacent Great Lake, the availability of public beaches, and the distance 
from each home to those beaches. Unlike smaller inland lakes, Lake Michigan more or less 
resembles an ocean to beachgoers and homeowners, but it has been subject to more volatile 
water levels over the years. Third, and most importantly, this study tests for different effects 
between coastal and non-coastal homes.  
III.  Dataset 
The dataset analyzed here is a compilation of information gathered from six sources. The 
Milwaukee County Assessor’s website provided home sales from 2005-2014, including the 
month and year of sale as well as informative data on the homes including year built, number of 
stories, number of beds and baths, etc. Home prices were adjusted for inflation using the 
Consumer Price Index (CPI), obtained from the Federal Reserve Economic Data (FRED).11 The 
Assessor’s dataset also includes the district number for each sale, numbered 1 to 15. These 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11 The CPI is reported quarterly; all prices are indexed to Second Quarter 2014.  
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district numbers were converted into dummy variables and used as a stand-in for neighborhood 
characteristics.12 
However, the Assessor’s dataset does not indicate if a sale is made at arm’s length or not.13 
In order to alleviate the tainting of the dataset by non-arm’s length sales, transactions with a sale 
price of zero were removed. Milwaukee’s transaction dataset contains one of the most detailed 
quantitative descriptions of the attributes of the homes of any county in the Great Lakes region. 
These descriptors will be used as control variables in this study.  
A geographic information system (GIS) file containing the outline of Lake Michigan was 
obtained from the Great Lakes Environmental Research Laboratory, a subset of the US National 
Oceanic and Atmospheric Administration (NOAA). A GIS file containing every tax parcel in 
Milwaukee County was obtained from the Milwaukee County Land Information Office. These 
files were analyzed in ArcGIS and used to measure the distance from each home in the 
Assessor’s dataset to the coastline. In addition, using Google Maps, the location of each of the 
nine public beaches in Milwaukee County was added to the map, and used to determine each 
home’s local beach.14 The distance of each home to Bradford Beach, Milwaukee’s largest and 
most popular beach, was recorded as a separate variable.  
The Great Lakes Environmental Research Laboratory also keeps data on the water level of 
Lake Michigan. The numbers reported are for lake-wide average depth, observed as monthly 
averages. The value given for depth is somewhat meaningless; what matters is the variation. The 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12 The assessor’s database did not include school district, because all homes in the city of Milwaukee are in the same 
public school district.  
13 Arm’s length sales are open market sales; non-arm’s length sales are usually transfers between people who know 
each other, such as family members. These sales would ideally be removed from the set because they are not subject 
to the same market forces. Non-arm’s length sales usually occur at extremely low price points.  
14	  The dataset obtained actually contains eleven beaches, but two of the beaches in the dataset could not be located, 
so they were omitted.	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water level fluctuates seasonally, so a year-long average variable is the most useful tool in 
econometric estimation, although a three-month average and one-month average are presented as 
well.  
The Wisconsin Department of Natural Resources operates the Wisconsin Beach Health 
website, which contains data on beach closings in Milwaukee County. The dataset has all beach 
advisories and closings for Milwaukee County dating back to 2004. The set includes the date of 
the event, the reason for the event, and the name of the beach. These advisories and closings 
enter the model as local advisories and closings. That is, for each home, the number of advisories 
at the nearest beach is used as a variable, and the number of closings at the nearest beach is 
another variable. The advisories and closings of Bradford Beach are used in the advisories and 
closings variables, but are also kept as separate variables for use in other specifications. Like 
most beaches, Milwaukee County’s are only closed for health risks in the summer months, so 
beach advisories and closings enter the model as the sum over the previous year. Thus, the first 
home sales in the dataset for which beach data are available occur in January 2005.  
Outliers were removed from the dataset. These outliers were characterized by a zero for 
price, square footage, lot size, or year built, or were missing data on exterior wall material.  
Figure 1 is a map of all tax parcels included in regressions in this study, including the 
locations of each beach and the coastline. Figure 2 is a map describing the locations of each 
district. Figure 3 contains a description of all variables used, and Figure 4 contains summary 




IV.  Econometric Design 
There are two predominant econometric designs used in hedonic studies: the simple 
multivariate linear regression and the semi-logistic regression. The simple form allows estimated 
coefficients to represent dollar value changes implied by a one unit increase in predictor 
variables. Semi-log form is estimated by taking the natural log of sale price, while leaving 
predictor variables unchanged. The semi-log form is more common because it provides an 
equally simple interpretation of coefficients; each coefficient describes the percent change of the 
dependent variable given by a one-unit increase in the predictor variable. However, the semi-log 
form also transforms a normally fat-tailed price variable into a more normal one.15 The simple 
multivariate form is used here because it fits the data substantially better than the semi-log 
form.16 
Each specification is a variation of the following form: 
𝑆𝑎𝑙𝑒_𝑃𝑟𝑖𝑐𝑒!" = 𝛼 + 𝛽! 𝐿! + 𝛽! 𝐶𝑜𝑎𝑠𝑡! + 𝛽! 𝐻! + 𝛽! 𝑁! + 𝛽! 𝑇! + 𝛿 (𝐶𝑜𝑎𝑠𝑡 ∗ 𝐿)!" + 𝑢!"                      (2) 
Where: 
Sale_Price is the discounted sale price of home i at time t,  
α is the intercept,  
L is the vector of lake characteristic variables at time t, with coefficient β1,  
Coast is the dummy variable for home i, equaling 1 for coastal homes, with coefficient β2,  
H is the vector of home characteristic variables for home i, with coefficient β3,  
N is the vector of neighborhood characteristic variables for home i, with coefficient β4,  
T is the vector of year dummy variables at time t, with coefficient β5,  
Coast * L is the vector of interaction terms for coastal home i at time t, with adjustment 
coefficient δ, and 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
15 Sirmans, Macpherson and Zietz, page 5. 
16 Most regressions using the semi-log form had reported R-Squared values near 30%. The simple multivariate 
specifications presented below have R-Squared values near 46%.	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u is the error term for home i at time t. 
The coefficients of interest are β1, β2, and δ.  
 The hedonic model presented here, like all hedonic models, has drawbacks. As noted 
above, the principle drawback is that the results of estimation fail to identify a supply or demand 
equation. Clearly, the reported coefficients are an indication of consumer preferences, but they 
are imperfect, as changing supply of available homes could explain differences in market price 
as easily as demand.17 
Another drawback is the imperfect nature of the data. Despite all of the control variables 
used, there are certainly characteristics of homes that also explain price that are omitted from this 
model. These include the local schools for each neighborhood, proximity to fire stations, public 
transit availability, population density, time-on-the-market, and also non-quantifiable home 
attributes that are unique to each buyer. Each of these attributes should appear in the error term, 
which is assumed to be normally distributed. There is something to be said for Occam’s Razor, 
that using too many control variables may muddle the results of the important variables, but it is 
important to note exactly what is left out.  
As stated above, there are many reasons for the changing status of the waterfront to impact 
price, particularly when considering the water level. Thus, it is difficult to make a clear 
prediction for whether the coefficients reported will be significantly different from zero, and if 
so, whether they will be positive or negative. However, given the nature of the market in the 
study, some hypotheses can be made here.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
17 The years of sales covered in this study cover the housing market crash of 2007, so the data will certainly capture 
unusual phenomena. In particular, the yearly fixed effects will capture changes in price due to both supply and 
demand effects.  
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First, because Milwaukee’s beaches are, by and large, small and uninteresting for many 
months of the year, the number of local beach advisories and closings are expected to be 
negatively correlated with price but minimal in magnitude. In addition, because the availability 
of the beach is basically the same for all homeowners in Milwaukee (coastal homeowners gain 
only the benefit of shorter travel times), the interaction term is expected to be negative but very 
small.  
However, Bradford Beach, one of the most central beaches and also the most popular, is 
expected to be a more significant predictor of home prices than the local beaches. Thus, the 
coefficients on Bradford Beach’s advisories and closures are expected to be more negative than 
those on each home’s local beach.  
Second, the fluctuation of the water level of Lake Michigan is expected to have zero impact 
on sale price in the short run, but may be significant in the long run. Over the time period 
studied, the monthly average lake levels exhibit a range of only three feet. Visual inspection of 
the coastline by the author reveals that most coastal homes are elevated much higher than three 
feet above the water level. Nevertheless, when the lake level rises, so does flood risk, so the 
yearly average water level may be negatively correlated with home prices, particularly for 
waterfront homes. In addition, when water levels fall, they reveal part of the coastline that was 
previously underwater. In sandy areas, this is a benefit: lower water levels mean bigger beaches. 
But in non-sandy areas, lower water levels can be a bane because they reveal mud, garbage, and 
underwater vegetation, which are unsightly. Another consideration is the fact that, in the long 
run, whatever effect water level has on home prices will be compounded by the reflection in 
Whitener 12
assessed home value, and therefore homeowners’ property tax burdens.18 All things considered, 
changing flood risk is the most defensible as the overriding effect on home prices, so the year 
average water level is expected to have a negative coefficient, particularly for waterfront homes.  
 The coast dummy variable is certainly expected to be significant and positive. Previous 
studies have found that living on the coastline may be correlated with boosts in price by up to 
80%; the coefficient in this study will probably not approach those levels. 
 Last, distance to shore is expected to be negatively correlated with price, as being closer to 
the shore should be a benefit to homeowners that is reflected in transaction price. Distance to 
Bradford Beach is expected to be similarly significant and negative, and larger in magnitude.  
V.  Results 
The results of seven specifications are presented in Figure 5 in the appendix.  
Almost all of the control variables exhibit the signs expected of them in all seven 
specifications. Year built, lot size, square footage, and number of half and full bathrooms have 
positive, significant coefficients. Interestingly, number of stories and number of bedrooms both 
have significantly negative coefficients. Their magnitudes are approximately −$22,000 and 
−$12,000, which are quite large for a dataset where the average home sells for $150,000. These 
coefficients are difficult to make sense of. The coefficient on number of stories may be explained 
by style; if the premier home in Milwaukee is a one-story ranch-style home, then homes with 
fewer stories could sell for higher prices than homes with more stories. The coefficient on 
number of bedrooms may reflect a desire for substitution; perhaps those bedrooms would be 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
18	  Shlozberg, Dorling and Spiro, page 44.	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more useful if the space were used for something else. Of course, these results could also be a 
result of erroneous data recording.  
Exterior wall dummy variables all have the expected sign. Due to collinearity concerns, the 
dummy for a brick exterior is excluded from every specification, so a transaction with a zero for 
each exterior wall dummy variable has a brick exterior. Interestingly, 2,500 transactions were for 
homes with asbestos in the exterior wall; these homes sold for an average of $40,000 less than 
the others, significant well beyond the 1% level.  
Yearly dummy variables also had the expected signs. Due to collinearity, the 2005 dummy 
was dropped, making sales in that year the transactions with a zero for every yearly dummy. All 
eight years after 2005 exhibit negative coefficients, with significance at the 1% level for each 
year after 2007. Note that sale prices are adjusted using the CPI, so these dummy variables 
capture real changes in price. This is one instance where hedonic estimation captures a supply 
effect.  
Due to collinearity, the dummy for District 1 was dropped from the model. Note that the 
three districts that contain coastal homes are 3, 4, and 14.19 These three districts exhibited 
coefficients that are almost always insignificant at the 5% level, meaning that homes in these 
districts, all else equal, sell for the same price as homes in District 1, located north of the others 
and off the coastline.  
Specifications 1, 2 and 3 compare the use of the yearly average water level variable, the 
three-month average variable, and the one-month average variable. Both the yearly average and 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
19 Figure 2 in the appendix contains a district map for reference. 
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the three-month were significantly negative at the 1% level, with magnitudes of −14,000 and 
−4,500 respectively. However, the one-month average was not significantly different from zero.  
Unlike previous studies, this is the first example of home prices being negatively correlated 
with water level. The reported coefficients are not large in magnitude. Although the monthly 
average lake level exhibited a range of three feet between 2005 and 2013, the yearly average 
level fluctuated by only about 1.5 feet, and the three-month average fluctuated by about 2.5 feet. 
An increase in yearly average water level by one standard deviation is only four inches, which is 
correlated with a fall in price of about $5,000. A one standard deviation increase in the three-
month average water level is correlated with a fall in price of about $2,000.  
These results indicate that the short run water level is not as significant a predictor of home 
prices as the long run water level. In addition, all three of these specifications exhibit a coastal 
dummy variable with a coefficient not significantly different from zero at the 5% level. This is 
certainly an unexpected result; it seems that in Milwaukee, any benefit of owning a home on the 
coast is explained by the control characteristics, i.e. the quality of the homes. None of the studies 
reviewed found a zero benefit to owning a home on the coast, ceteris paribus.  
Another strange result is a significantly positive coefficient on local beach advisories and 
closures. Each additional local beach advisory in the year up to sale is correlated with an increase 
in sale price of approximately $80, and each additional closure is correlated with an increase in 
sale price by about $900. The average transaction had 17 advisories and 1 closure of their local 
beach in the year up to sale. Distance to shore is also insignificant in each of the first three 
specifications.  
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In Specification 4, the interaction terms of interest are added to the same predictor variables 
as Specification 1. Each of the variables of interest that were present in the first specification had 
approximately the same magnitude and level of significance. Disappointingly, none of the 
coefficients on the interaction terms are significantly different from zero. Thus, it is difficult to 
draw conclusions from the reported coefficients on the variables of interest. It is impossible to 
rule out the possibility that all of the reported coefficients occur due to spurious association with 
outside factors because the coastal effects are negligible.  
In Specification 5, the distance to shore and local advisories and closures are replaced with 
the distance to Bradford Beach and Bradford advisories and closures. Here, the distance to 
Bradford Beach has the expected negative coefficient, but it is not significant at the 5% level. 
Once again, beach advisories are correlated with an increase in sale price, this time with a 
magnitude of $290 per advisory. However, beach closures are now negatively correlated with 
sale price at the 5% level, with a magnitude of $1,500 per closure. The average sale had 25 
advisories and 2/3 of a closure at Bradford Beach over the year up to sale.  
Specification 6 repeats Specification 5 but introduces interaction terms. Once again, none of 
the interaction terms had a coefficient statistically significant from zero at the 5% level. The 
adjustments to advisories and closures for coastal homes were both negative, but not 
significantly different from zero at the 5% level.  
Specification 7, the final specification presented here, is the same as Specification 1, but 
without the district dummy variables. This specification was included because it is the only 
example of a statistically significant coefficient on distance to shore, but the coefficient is 
unexpectedly positive. This indicates that the neighborhood effects that are captured by the 
district dummies are being captured in this case by the distance to shore, and that the 
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neighborhoods further off the coast have more positive impacts on sale price than neighborhoods 
nearest the coast.  
VI.  Conclusion 
Because all of the reported coefficients on coastal interaction terms were insignificant, 
the possibility that reported coefficients are spurious cannot be ignored. There is little theoretical 
justification for consistently significant, positive coefficients on beach advisories. Perhaps 
homebuyers grow confident when their government is vocal about protecting its citizens from 
dangerous beaches; perhaps the beaches are so useless for recreation that advisories, which keep 
people away, are beneficial to citizens who visit the beach for other reasons. But most likely, 
beach advisories are capturing some other effect because the advisories themselves are not 
important predictors of the sale price of waterfront homes. This does not suggest that the market 
is inefficient in its consideration of the value of the waterfront. Instead, it most likely means that 
local beach advisories just do not matter.  
There is some evidence in support of the theory that Bradford Beach is different from all 
of the others. It is the only instance of statistically significant, negative correlation between 
beach closures and home prices. In addition, the coefficients on distance to beach and the 
interaction terms with advisories and closures were all negative, though none were significant at 
or even near the 5% level. If they were, then we would have an indication that the buyers of 
waterfront homes are particularly sensitive to the availability of Bradford Beach. Instead, at best, 
we have evidence that all homebuyers in the city of Milwaukee desire access to Bradford Beach. 
At worst, we have another spurious association captured by an insignificant variable.  
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 Coefficients on water level and the interaction terms also fail to show that waterfront 
home sales are more sensitive to trends than inland home sales. This almost certainly 
demonstrates that flood risk indicated by water level is not a factor imputed into sales of 
waterfront homes. If the coefficients on water level are not spurious, then there is evidence in 
support of the hypothesis that water level is causing undesirable changes to the waterfront that 
are imputed into considerations of home value. But the coefficients on the yearly average 
variable and the three-month average variable seem too large to explain that relationship.  
 All in all, the most economically sound argument that can be drawn from this study is 
that the availability of Bradford Beach is important to homebuyers in the city of Milwaukee. If it 
weren’t, then the pattern found in the local closures coefficient would be captured by the 
Bradford closures coefficient as well. This is the first study to have found such a high level of 



























































Nominal_Price USD, nominal Recorded price of sale for the transaction (not included in any specification)
Sale_Price USD, 2014Q2 Sale price discounted to second quarter 2014 using the 20-city CPI
Lake Characteristic Variables
Continuous
WLEVYR Feet Lake-wide average water level of Lake Michigan for the year leading up to the month of sale
WLEV3M Feet Lake-wide average water level of Lake Michigan for the month of sale and two preceding months
WLEV Feet Lake-wide average water level of Lake Michigan for the month of sale
Local_Advisories -- Total beach advisories for the home's closest public beach over the year up to sale
Local_Closures -- Total beach closures for the home's closest public beach over the year up to sale
Bradford_Advisories -- Total beach advisories at Bradford Beach over the year up to sale
Bradford_Closures -- Total beach closures at Bradford Beach over the year up to sale
Dist_to_Shore Feet Distance from the center of each tax parcel to the nearest point on the shoreline of Lake Michigan
Bradford_Dist Feet Distance from the center of each tax parcel to Bradford Beach (Milwaukee County's largest public beach)
Dummy (values equalling 0 or 1)
Coast -- Homes without tax parcels between the edge of their parcel and the shoreline
Home Characteristic variables
Continuous
Year_Built -- Year of construction for the home sold
Stories -- Number of stories
Lotsize Square Feet Total area of the tax parcel sold
Square_Feet Square Feet Total interior area of the home sold
Bedrooms -- Number of bedrooms
Full_Baths -- Number of full bathrooms
Half_Baths -- Number of half bathrooms
Dummy













Milwaukee County District Variables
District_1 -- Omitted due to collinearity
District_2 -- --
District_3 -- This district contains waterfront homes














Year of sale variables









Bolded variables are the variables of interest. 
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FIGURE 4
Continuous Variable  25th Percentile  Median  75th Percentile  Mean  Std. Deviation  
Nominal_Price $90,000 $128,500 $161,500 $136,499 87,952  
Sale_Price $103,232 $146,807 $186,257 $156,308 101,210  
WLEV 577.434 577.823 578.079 577.781 0.485  
WLEV3M 577.451 577.796 578.017 577.764 0.473  
WLEVYR 577.576 577.633 578.045 577.731 0.354  
Local_Advisories 2 5 25 17.08 22.97  
Local_Closures 0 0 1 0.921 1.762  
Bradford_Advisories 4 30 38 24.89 20.10
Bradford_Closures 0 0 1 0.671 1.063
Dist_to_Shore 10,359 18,318 27,417 18,982 10,997  
Bradford_Dist 22,883 30,117 39,535 30,281 13,001
Year_Built 1915 1940 1954 1935 25.48  
Stories 1 1 2 1.355 0.443  
Lotsize 4,224 5,120 6,700 5,866 2,993  
Square_Feet 1,077 1,375 1,931 1,643 1,085  
Bedrooms 3 3 4 3.724 2.038  
Full_Baths 1 1 2 1.425 0.584  
Half_Baths 0 0 0 0.264 0.489  




































Bolded variables are the variables of interest.
Sale_Price is discounted to second quarter, 2014 using the CPI.
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FIGURE 5
Specification 1 Specification 2 Specification 3 Specification 4 Specification 5 Specification 6 Specification 7
Variable  Coefficient Std. Error  Coefficient Std. Error  Coefficient Std. Error  Coefficient Std. Error  Coefficient Std. Error  Coefficient Std. Error  Coefficient Std. Error
WLEVYR -13,771 ** 4,452 -- -- -- -- -13,756 ** 4,452 -21,184 ** 4,781 -21,213 ** 4,781 -17,337 ** 4,332
WLEV3M -- -- -4,453 ** 1,524 -- -- -- -- -- -- -- -- -- --
WLEV -- -- -- -- 4.90 1342.33 -- -- -- -- -- -- -- --
Local_Advisories 80.1 ** 30.8 77.0 * 30.9 86.7 ** 30.7 80.3 ** 30.8 -- -- -- -- 125.9 ** 22.4
Local_Closures 852.8 ** 315.6 941.8 ** 317.3 873.4 ** 319.8 863.6 ** 316.4 -- -- -- -- 700.1 * 303.1
Bradford_Advisories -- -- -- -- -- -- -- -- 291.6 ** 74.5 291.3 ** 74.5 -- --
Bradford_Closures -- -- -- -- -- -- -- -- -1,456.0 * 609.0 -1,456.7 * 609.3 -- --
Dist_to_Shore -0.028 0.100 -0.053 0.101 -0.028 0.100 -0.029 0.100 -- -- -- -- 0.210 ** 0.037
Bradford_Dist -- -- -- -- -- -- -- -- -0.0775 0.0813 -0.0773 0.0813 -- --
Coast -6,067 8,741 -6,050 8,771 -5,593 8,782 -4,079,358 14,500,000 -6,340 8,687 -7,488,814 14,100,000 -6,243 8,694
Coast * WLEVYR -- -- -- -- -- -- 7,060 25,119 -- -- 12,965 24,408 -- --
Coast * Local_Advisories -- -- -- -- -- -- -26 374 -- -- -- -- -- --
Coast * Local_Closures -- -- -- -- -- -- -2,718 2,805 -- -- -- -- -- --
Coast * Bradford_Advisories -- -- -- -- -- -- -- -- -- -- -409 583 -- --
Coast * Bradford_Closures -- -- -- -- -- -- -- -- -- -- -1,556 9,423 -- --
Year_Built 390.4 ** 48.9 390.8 ** 48.9 390.2 ** 49.0 390.6 ** 49.0 390.5 ** 48.9 390.7 ** 48.9 388.5 ** 49.0
Stories -22,108 ** 2,065 -22,109 ** 2,065 -22,120 ** 2,065 -22,113 ** 2,065 -22,172 ** 2,066 -22,172 ** 2,067 -22,295 ** 2,070
Lotsize 4.7 ** 0.8 4.7 ** 0.8 4.7 ** 0.8 4.7 ** 0.8 4.7 ** 0.8 4.7 ** 0.8 4.7 ** 0.8
Square_Feet 71.2 ** 3.2 71.2 ** 3.2 71.2 ** 3.2 71.2 ** 3.2 71.2 ** 3.2 71.2 ** 3.2 71.2 ** 3.2
Bedrooms -12,088 ** 1,348 -12,102 ** 1,348 -12,093 ** 1,348 -12,087 ** 1,348 -12,093 ** 1,349 -12,092 ** 1,350 -12,142 ** 1,354
Full_Baths 18,105 ** 1,894 18,108 ** 1,894 18,103 ** 1,895 18,111 ** 1,894 18,130 ** 1,897 18,130 ** 1,897 18,136 ** 1,902
Half_Baths 29,247 ** 1,397 29,255 ** 1,396 29,289 ** 1,396 29,249 ** 1,398 29,293 ** 1,398 29,296 ** 1,398 29,337 ** 1,403
Aluminum_Vinyl -15,116 ** 1,177 -15,148 ** 1,177 -15,146 ** 1,177 -15,116 ** 1,177 -15,123 ** 1,177 -15,122 ** 1,177 -15,168 ** 1,179
Asbestos -41,571 ** 1,833 -41,544 ** 1,832 -41,563 ** 1,833 -41,574 ** 1,833 -41,560 ** 1,832 -41,556 ** 1,832 -41,720 ** 1,835
Block -6,992 7,398 -6,890 7,400 -6,928 7,396 -6,870 7,407 -7,213 7,403 -7,185 ** 7,407 -6,387 7,406
Fiber_Cement 66,777 ** 7,776 66,632 ** 7,758 66,803 ** 7,773 66,761 ** 7,777 66,769 ** 7,781 66,762 7,781 67,540 ** 7,743
Frame -22,607 ** 1,752 -22,643 ** 1,752 -22,647 ** 1,753 -22,614 ** 1,752 -22,587 ** 1,752 -22,585 ** 1,753 -22,713 ** 1,755
Masonry_Frame 4,357 3,762 4,395 3,764 4,405 3,762 4,355 3,763 4,478 3,765 4,476 ** 3,766 4,451 3,768
Premium_Wood 26,353 * 10,279 26,301 * 10,259 26,342 * 10,261 26,345 * 10,279 27,013 ** 10,225 27,012 10,226 25,878 * 10,352
Stone 5,314 3,377 5,377 3,375 5,358 3,375 5,304 3,377 5,307 3,376 5,291 ** 3,377 5,434 3,385
Stucco 11,094 ** 4,169 11,061 ** 4,168 11,070 ** 4,170 11,094 ** 4,170 11,091 ** 4,167 11,092 4,167 10,800 * 4,173
_2006 -3,247 2,303 1,054 1,368 2,751 * 1,295 -3,237 2,303 -5,651 * 2,321 -5,670 ** 2,321 -4,384 2,259
_2007 -4,183 2,685 240 1,746 2,497 1,676 -4,165 2,685 -3,649 2,894 -3,688 * 2,895 -4,948 2,601
_2008 -18,864 ** 4,099 -9,912 ** 2,092 -7,677 ** 1,987 -18,836 ** 4,100 -16,688 ** 4,371 -16,739 4,372 -20,655 ** 3,962
_2009 -13,991 ** 2,544 -12,483 ** 2,582 -14,625 ** 2,648 -13,996 ** 2,545 -5,035 4,105 -5,084 ** 4,107 -13,107 ** 2,355
_2010 -22,750 ** 2,929 -27,735 ** 2,426 -27,799 ** 2,424 -22,784 ** 2,928 -11,344 * 4,811 -11,426 4,812 -20,446 ** 2,739
_2011 -45,105 ** 3,027 -40,797 ** 2,478 -39,334 ** 2,440 -45,093 ** 3,027 -37,195 ** 3,653 -37,239 * 3,656 -45,285 ** 2,963
_2012 -41,996 ** 2,750 -40,089 ** 2,522 -37,422 ** 2,484 -41,983 ** 2,750 -33,380 ** 3,582 -33,424 ** 3,585 -41,949 ** 2,684
_2013 -58,452 ** 5,261 -47,182 ** 2,506 -43,526 ** 2,329 -58,413 ** 5,262 -57,181 ** 5,302 -57,227 ** 5,303 -61,464 ** 5,147
District_2 -1,720 2,553 -1,261 2,565 -1,644 2,562 -1,711 2,553 -1,126 2,345 -1,128 ** 2,345 -- --
District_3 1,520 2,443 2,376 2,459 1,598 2,449 1,492 2,445 2,257 2,832 2,268 2,834 -- --
District_4 -375 2,778 1,341 2,875 -163 2,819 -383 2,778 776 2,852 777 2,853 -- --
District_5 10,331 ** 2,949 11,568 ** 2,979 10,449 ** 2,978 10,342 ** 2,949 11,316 ** 2,438 11,316 2,439 -- --
District_6 7,090 ** 2,245 8,288 ** 2,291 7,000 ** 2,334 7,079 ** 2,245 6,797 ** 2,543 6,796 ** 2,543 -- --
District_7 10,677 ** 2,326 12,606 ** 2,466 10,597 ** 2,548 10,681 ** 2,326 9,336 ** 2,312 9,335 ** 2,312 -- --
District_8 9,174 ** 2,649 11,553 ** 2,828 8,854 ** 2,868 9,168 ** 2,650 10,919 ** 2,400 10,919 ** 2,400 -- --
District_9 13,625 ** 2,649 16,500 ** 2,785 14,071 ** 2,729 13,630 ** 2,650 14,846 ** 2,886 14,841 ** 2,886 -- --
District_10 14,226 ** 2,647 17,746 ** 2,822 14,511 ** 2,849 14,234 ** 2,647 14,712 ** 2,508 14,710 ** 2,509 -- --
District_11 10,017 ** 2,741 14,045 ** 3,063 10,309 ** 2,948 10,014 ** 2,742 13,743 ** 2,581 13,741 ** 2,582 -- --
District_12 9,869 ** 2,650 13,201 ** 2,848 10,187 ** 2,797 9,860 ** 2,651 13,436 ** 2,522 13,430 ** 2,523 -- --
District_13 5,520 * 2,409 9,283 ** 2,695 5,973 * 2,583 5,500 * 2,410 10,429 ** 2,447 10,424 ** 2,447 -- --
District_14 3,246 2,368 6,415 * 2,574 3,595 2,481 3,244 2,368 7,427 ** 2,221 7,417 ** 2,223 -- --
District_15 11,997 ** 2,635 15,339 ** 2,733 13,185 ** 2,637 12,002 ** 2,635 13,365 ** 2,848 13,354 ** 2,848 -- --
Constant 7,269,970 ** 2,575,035 1,880,838 * 891,132 -693,293 786,674 7,260,922 ** 2,575,358 11,500,000 ** 2,764,238 11,600,000 ** 2,764,213 9,336,826 ** 2,513,362
N 32,089 32,089 32,089 32,089 32,089 32,089 32,089
R-Squared 0.4859 0.4859 0.4857 0.4859 0.4860 0.4860 0.4841
* denotes significance at the 5% two-tailed level.
** denotes significance at the 1% two-tailed level.
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